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or, oporphyrins in general are defined as symthetic metalloporphyrin complexes con-
taining at least one direct metal-carbon bond, Hovever, the coentyme fo vitemin B, (Figure
1) contsining an adenosyl group linked to cobalt by & direct cobalt-carbon o-bond 1§ the
first example of a naturally oc~
curring organometallocorrin
complex (similar to organo-
metalloporphyrins in molecular
structure) and the first-known
.uu, Srpuocomt deriva-
tive.%*? The determination of
the structure of the vitanin
B coonp’c by x-ray crystal-
prompted several
studies of the synthesis and
properties of cobalt-alkyl
| ch.s-gohncon and his
. co-vorkers extended their
studies to the porphyrin series
vy resction of pyridinobromo-
cobalt(III)actioporphyrin-I
™ with a variety of alkyl- and
aryl-magnesium halides in an-
hydrous 1,2-dimethoxyethane
(DME) to give the corresponding
slkyl- end ;gyg,-eobuz(nx)
derivatives. '~ Fthyl and
tolyl-iron(III) derivatives
of satioporphyrin-I were also
by & similar method.
The first-rov transition metal
derivatives of organometallo-
s were thus synthesized

Tfi‘.
porphyrin @
for the first time. 1In en |

w

ll".

o

alternative synthesis, Johnson

end his co-workers vere also

able to prepare the identical

slkyl cobalt(III)aetioporphyric-

1 complexes as that mentioned

above, by reduction of cobalt
(II)estioporphyrin-I wvith 1%

sodium amalgan in to form
cobelt(I) species,’ which then l,.c
react with slkyl halides to

give the finsl products. This

method vas a1so used for the SPATIAL STRUCTURE OF COENZYME B,,

preparation of hydroxyalkyle FIQURE 1
Mt(l!!&mtmtn-l

complexes.” Both the cobalt(II1) and the iron(III) organometalloporphyrins ere sensitive to
1ight, especially in solution, and decompose by homolytic fission of the mstal-cerbon dbond.

$

o8

P

The use of metal carbdonyls for the muﬁuon of mets) ions into porphyrins was first intro-
P duced by Tsustui and his co-vorkers 217 0 1066(rigure 2). This method 1is probably one of
the most important developments in porphyrin chemistry vithin the last two decades. In ed-
dition to a number of previously rggﬂod metalloporphyrins, the reaction of nul.eu'bonyln
end metla carbonyl halidesl2+21,20-29 vith neutral porphyrins has lead to the synthesis of
¥ nev metalloporphyrin_complexes of chromium, molybdenum, technetium, ruthenium, rhodium,
rbenium snd iridium.10-32 Except for the chromium snd molybdenum complexes, carbonyl groups




o g

USE OF Cr(C0), FOR INSERTION OF cr’! 10 pr

FICURE 2
are retained by tho metals in the nev metalloporphyrin complexes. !
By reaction of dirhenium decarbonyl, Re,{CO) o OF ditechnetium decacarbdonyl, mc(co)l . with
mescporphyrin IX dimethylester, H,MPIXDRE, 1#%refluxing decalin under argon, Teutayilfnd nis
v

co=vorkers have successfully pre tvo unusual rhenium organometalloporphyrins
(H-3P)Re(CO)., I, and MP(Re(C0).],, T4+ & pair of technetiunm ormmuloporpmim.”-y‘
(B-0@)y2e(co}. ,*111, and WP(7c(203.)2, 7y, and o mixed rhentum technetium organceetallopor-
pryrin, (oc} e(C0).,, J A 1fg1¢ crystal diffraction analysis of u-[meso-
tetraphenyl uuto]bu?tr carbonylrhenium(1)], m(no(co)sl.‘,. Y&+ (Pigure 3), has shown

o

n ' .-T.ll||' I R ' o-"'l"l- ' .
FIGURE 3

that each rhenium ion is donded to three nitrogen atoms and that tvo rhenium atoms are { 3
bonded to ome porphyrin on opposite sides of the plane of the porphyrin molpcule.

P——

The metal ions in these complexes, I-a. sit out of the plane of the porphyrin molecule.

The monorhenium and monotechnetium complexes, [ and + Vhere the noiety acts as
a tridentate ligand, resemble Fleischer's proposed "sitting-atop complex” +39 and are good
models for the intermediates in the insertion of a metal ion into porphyrin. The dirhen-

ium, ditechnetium, and mixed rhenium~technetium organometalloporphyrin complexes, [1. ix. X 1
and Y1, vhere the porphyrin moiety acts as a hexadentate ligand, are oth! o;ztln rirst
4 stable homo= and hetero=-dinuclear organometalloporphyrin complexes. 3 The

monorhenium porphyrin complex, I, rnﬁ- with Re,(CO),. or Te.(CO),. in refluxing decalin to
fora dirhenium porphyrin camplex,’" 1l, and eho -lgu ium lgcmu\- porphyrin com=
plex,13 ¥, respectively. Replacement of the pyTEolic proton (Wej) of the monorhenium !
murluwnmmuunmhuu.u + and Pb" ', hes resulted in unstadle 4 k
ecmplexes The monotechhetium porphyrin complex, III, (Figure &), behaves in a different 4

meser by disproportionating to form a ditechnetium in complex, Y, and the free
porpiyrin, K + by heating in refluxing decalin” . This unusual coordination phen- . {
omenon has been reported. lch-ro.ﬁ1§NMWuhntlum1u

It sesms that bdoth the rhenium and tech-

porphyrin ecwplex, ], in refluxing decalin.
netium disstalloporphyrin complexs are are thermodynamically more stadle than the mono-
setalloporphyrin complexes, decause a reverse reaction of )l’["(t:!)),]2 to (R-4P)-N(cCO),,




' (M=Re or Tc), could not be detected between MP(N(CO) fluxing decalin
| sy - s Pentflf st gl az—uuMi mm# T

FIOURE &
0. | 1,1,2,2-tetrachlorethane shoved fluxional behavior of Re(C0)3

molecular substitution at rhenium or fechnetium, (Pigure 4).3%
Ve have prepared a new salt type complex of porphyrins, monocation
-u-mmw

ratio in decalin. nrw!xn of the complex vas elucidated the
analysis method, (Pigure $).

STRUCTURE OF (lsm)’[ua(cos)asl'lao

This
wumintr-oloemrrmmtotmmddrbmnmmthtw
ring nitrogens of porphin and also movement of the N-H; itennuubow“uintu-

octasthylporphyrin tri-
1dirhenate(I) from the reaction of Re(C0).Cl and K0P in a 2:1 mole

aiffraction

m‘: mmm)mm(m)au ived in
nmr spectral changes ( 880 L -

FIGURE S
€0),].TPP bas bdeen oxidised w dichloromethane to yield [Re(C0).C1).TPP
[-nl(h&) J{Re(C0) C1] * M “alznr determination of the structure of ¢ ‘
mmu?muu?mm "skevered complex”, that is a metall ntnvhtch
. & metal-mstal dond exists through the "hole™ of the macrocycle, (Pigure 6).
Tvo different sethods vquwnunmuu.mummmu-
and iridiwm complexes. In one, the.freshly prepered metal cerdonyl halides,

. t.(eo)ﬁ]‘ and [Ir(C0).C1], vere allowed to react with the porphyrins in glacial scetic
<o form respective metalloporphyrins, (Pigure 7). In the second method,




SbCl,

e

First Skewered Complex (Radical Metalloporphyrin)

PIGURE 6
the cyclooctene complexes of 2
rhodium and 1ridium were found N » -
t0 be reactive intermediates "
useful in the metalloporphyrin [ricor,0] —> v = = 4
formation, (Pigure 8). In both O i
mathods, incorporation of rho-
&lum 1nto the porplyrin vas "—‘L"' J N—1—N
more readily achieved than vas poy Py
that of iridium. It is of PHy * HoP{IK JOEEN, .
isterest that in the metallo- MP(IXI0EEN
porphyrins prepared by these s
mathods, the iridium porphyrins
retain the carbdbon monoxide "
1igand vhile rhgdiym and other T
astals do not. 4 The carbdon 'ﬁ: N ™
monoxide is very tightly bound
to the irtdium porphyrin moiety;
Seating, pumping, boiling in ¢
Pyridine, or reprecipitating REACTION SCHEME FOR IRIDIUM PORPHYRIN
from concentrated sulfuric acid PREPARED VIA Ir(C0)4C1
solution does not remove the s
sardonyl growp from the complex.® FIGURE T
:t:u resction of [Mu(CO) c1]zl ¥ .
Meso-tetraphenyl; TPP, in refl bensene
SIS of -, M éo (%” ’ uxing tvo stable organcmetalloporphyrin

) ¢ C1 and (o=phenyl)Rh" =(TPP) o separated
shrematography on an alumina column by Fleisher and his co—vorkoﬂn'gg: - o

Toshids end his co-vorkers ygrg able to prepare two novel dinuclesr rhodium(I) organc-

astallopordlyrin ccaple b and uig ty modifying Fleischer's reaction conditions
for tn Jpeveraiion of l!hm!nt.‘o(‘l'!’ﬂt * Cl an ?c-ml)m”(m) * Cl1 in refluxing ben~
sene, * Cstasthylporphyrin, OFPH,, or (N-methyl) octasthylporphyrin reacts with
£0),Q), in densene solution at Foom temperature under nitrogen atmosphere to produce
o From the spectral data and the cptfllﬂltily deternined molecular voum”
was ed o8 an acid, H [OEP ¢ Rh_(CO) C1]", vhich contains & Rh=Cl-Rh dridge.
proton nar and infrared spectral data ndicate that the [ma(coz,t,cni molety is main-

tained and the W= and N-CH, honds exist in JII. B8ince the Rh-Rh in[An(co0) Cl]' !

s deen Teported to de 3.12 A, and the dilnnc!‘botvnn the two adjacent nit s of
1, frn 4

plamar porphyrin is about 2.9 A, it vas assumed™" that the two Rh atoms of the c0),01)
apiety are bonded to the two adjacent nitrogen atoms of the porphyrinato core of m.‘u

T it L R RPPTE LR WPy
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shown ia Pigure 9. Upon exposure to oir";g(m slowly oxidized to form e rhodiwm(IIl)
2]

ehloro complex of octeethylporplyris, ozp) - 2!,0. which cean further reeet wvith
alkyl lithium to give an alkylerhodium complex, snother example of rhodium organcestallo~
porphyria complex, However, behaves in o different manner to give the identical alkyl-
rhodium complex either by e izg in chloroform of chromatographky oa silice gell
(Pigure 9). This phencmence of alkyl migraticn from e nitroges atom to a metal ion is
reported for the first time. The alkyl migration may proceed coacertedly wvithk oxidation of
rhodiwm(I) to rhodiwm(III). The m, bond fission seems to De facilitated by the aid of o
lowevalent rhodium ion, The resction’of (B-ethyl)octasthylporphyrin vith [Mr(00).C1)
ielgera rhotim(l) complex similer to JIII, vhich is also easily oxtdized to CN,0M, ¥

* M (OZP). The mechaniss of metal ox{iction end alkyl migretiom is still .

Both rRhenium carvonyl, u,(co) » and ruthenium cardomyl balide, [Mu(CO) Cl,] s TERCt wvith
mxmn&zo givethe }inuc.l product, mlmlu(h) titu-

phenyl porphiae” °** ", TPPRUCO, 3X. It vas foumd tdat crystalliszes vith e molecule of

ouwl’loolol of vater and that these weakly bound molecules o W to the cardonyl

oroup. Recently, a single crystal x-ray 4iffractica analysis® ' confirmed this structe

ure, Imidssole and similar orqtsjhu« complex immediately at rocs tespegature wvith

TPPRCO upon mixing in benzene.” ° Sovever, as expected for e lov spin 4 system, sud-

stitution reactions of the mtoqlmhuh-“!) complex take place slovly and under

severe conditions to replace the carbomyl group. Irrediation of degassed dengene or

PTidiss solutions of monocerdonyl ruthenium(II) astioporphyrin~I pyridinste vith visible J
of ultrevioclet ust leads quantitatively to a rutheaium(Il) porphyria photodimer vith e

astal-aetal bond, It is of interest that MPRuCO in bentene solution rescts !rotuy vith :
excess nitric oxide to form e 4initrosyl-ruthenium(II) meso-porphyrin complex. 4

Since the successful isoletiocn and purificetion of anitrogenase, the engyms systeam that 4
fizee molecular nitrogen " ,d.o ia liviag m-. studies have been made to
f1ad & nitrogenese model, ° Meicher and co-workers cmtdoﬂoxmco,n
sistiag of the water soluble meso-tetra(p-sulfonatophenyl )porphinatocobalt(III), Co" " TPPS,
and sodiwm bSorolydride and found it to de very effective catalyst for the reduction of the
substrete of nitrogenase. PFor example, scetylene was reduced cetalytically in this system
to ethylene and ethane. A possidle mechaniss for this catalytic systes was proposed to
1iaclude cotalt-acetylenes and cobalt-etlylene metalloporphyrin v-—complexes as intermediates
(Pigwre 10), Por the induced oxidation of cobalt(II) mesoporphyrin JI dimethyl ester,

RTCH
N N o NS
/I . /lI ~ /n N |

GHe G\ My

” ,
- c../ NaBH, :>t=c\ ot [ 8
o N
- " 3

POSSTIBLE MECHANISM FOR REDUCTION OF ACETYLENE BY A
COBALT(IIX) PORPNYRIN SYSTDM.

FIGURE 10
:xm" %y unsstursted hydroascrbons, an olefin-cobalt w-complex intermediste was pro-
(rigure u)t Recently, the formation of an 1:1 adduct between cobalt(II) tetra- ]

, CoLITPP, and cerbon monoxide vas reported by an esr study of s frosen




SOLVENT "T‘?‘ SOLVENT
E — —Col — Co “/

PROPOSED REACTION INTERMEDIATE POR INDUCED OXIDATION
OF COBALT(IX) PORPHYRIN BY CYCLOHEXXNE

PIGUAE 11

solution of eolm.hs '1'50 parsmapagtic lov-spin <!.r complex of Con‘l'rl’ has a single un-
paired electron in the 4z orbital for ¢ bonding with carbon monoxide, vhich provides an
opportunity for the examination by esr of ¢ spin delocalization to cardbon monoxide.
Similarly, the reversidble dinding of carbon monoxide to iron(II) WWin a in
piperidine was identified by its esr spectrus in frozen solution.

The o-interaction in carbon monoxide to metalloporphyrin adducts and the proposed olefin-
metal vecomplex intermediates for induced oxidation of Col (II) porphyrin by unsaturated
hydrocarbon and the catalytic reduction of scetyleme in Co and NaBH, model systea has
brough nev examples of formation of organometalloporphyrins.
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